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Materials
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Two different species of structural softwoods were chosen from a Spanish timber supplier.
14
The presence of sapwood and heartwood has great influence on the results, since heartwood has low 64 mm x 21 mm with the higher surface in the transverse section. Previous to the impregnation the 23 specimens were dried to constant weight at 103 ± 2 ºC in an oven.
24
The magnesium sulphate used in this research work was a heptahydrate salt (MgSO 4 ·7H 2 O; 1 epsomite), technical grade, which is commonly used as a fertilizer to correct a magnesium or sulphur 2 deficiency in the soil. Chemical characterization of epsomite was carried out by X-ray fluorescence 3 (XRF) using a Philips PW2400 X-ray sequential spectrophotometer. FRX revealed a content of 4 29.9%wt SO 3 and 15.7%wt MgO and a loss on ignition (LOI) at 1000 ºC of 54.3%wt. A small 5 content of CaO lower than 0.05%wt, probably from a calcium sulphate, was also determined.
6
Thermogravimetric analysis (TGA) of the epsomite (Fig. 1 ) was performed on a TA Instruments 7 SDT Q600 Simultaneous TGA-DSC equipment, in air atmosphere (flow rate of 100 mL·min -1 ) with 8 a continuous heating rate of 10 ºC·min -1 and a sample mass of 35.0 ± 0.5 mg. The sample was 9 previously stabilised at 30 ºC and heated up to 1300 ºC. The shape of the TGA curve shows that the 10 mass loss occurs in several steps. This is clearly showed by the derivative of the TGA curve (DTG),
11
dashed line in Fig. 1 . One or more water molecules were released in several steps during the 12 dehydration process, as it is shown in Fig. 1 
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After impregnation process, specimens were initially drained and then dried in an oven at 35
19
± 2 ºC to constant weight. Low drying temperature was selected to avoid losing the first hydration 20 water molecule of epsomite (see Fig. 1 ). Subsequently, and before to evaluate the fire retardant 21 performance of wood treated, the magnesium sulphate (or sodium borate) precipitated on the surface 22 of specimens was removed using a soft brush. In order to determine the remaining moisture of the 23 wood samples dried at 35ºC, there were used blank wood samples impregnated only with water. In all cases moisture was between 5 to 6%, which was taken into consideration to calculate the amount 1 of flame retardant retained. 
Results and discussion
18
The flame retardant loading was determined by weight differences between the dry weight of 19 specimens after impregnation and before impregnation. As it was aforementioned, the moisture 20 content of wood samples after drying at 35ºC was 5 -6%. Therefore, this residual moisture content Nigra the sample with lower density (Pinus Nigra-B) exhibits higher retentions than Pinus Nigra-A.
3
These differences in the impregnation results can only be related to the internal structure of the tested 4 specimens. Besides, in all cases it can be observed a great difference in the degree of impregnation 5 obtained with epsomite and borax. As expected, the large difference in solubility between both 6 products allows obtaining saturated solutions with higher amount of epsomite than borax 5 mol. Therefore, for the same impregnation process, the amount of epsomite permeated is higher than the 8 amount of borax 5 mol. occurs, it is preferred that the flames appear at longer times and that they do not persist onto the 7 sample.
8
As it can be seen in Table 2 the untreated wood samples exhibit lower times to ignition and 9 longer average combustion times compared with the wood samples containing flame retardants.
However, depending of the type of wood, the auto-extinguishing ability (t m ) was not so insulating blanket and reduces the volatile products. 
Limiting Oxygen of Index (LOI)
8
The average results of limiting oxygen indices (LOI) are shown in Table 3 . As it is expected 
Bunsen burner test 14
Non-treated wood specimens showed very similar evolution of the temperatures on the non-
15
exposed surface of the specimens tested. Therefore, and in order to make easier the visualization of 16 the results of the treated samples in the graphs only appears the curve of the untreated Pinus Nigra-B. focus of the surface exposed to the flame to the non-exposed surface. As the temperature was 7 recorded on the non-exposed surface, the temperature of this plateau was under 100ºC as a 8 consequence of the thermal equilibrium (convection and radiation), which is produced between the 9 non-exposed surface and the ambient [27] .
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The specimens treated with borax 5 mol did not show an improvement in this test compared 11 to the non-treated wood samples. Fig. 8 shows the evolution of temperatures on the non-exposed 
Conclusions
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The high solubility of epsomite in water at room temperature makes possible to treat wood 18 samples without heating and without using organic solvents. Using a vacuum impregnation process it 19 is possible to obtain wood samples permeated with large amounts of this heptahydrate salt into the 20 internal structure of wood, up to 412 kg·m -3 of epsomite in a Pinus Nigra wood sample. The 21 epsomite loading could be probably increased using a vacuum-pressure impregnation system, or solubility and non-toxicity, epsomite could be an interesting alternative to improve the fire behaviour 1 of indoor wood panelling and structural timber elements. Therefore, epsomite acts as a heat sink lowering the temperature of the material near the flame and 7 delaying the ignition of treated wood. Moreover, the great amount of water generated from the 8 dehydration process, which is involved in the vaporization-condensation mechanism, keeps the 
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Combining fire retardant and preservative systems for timber products in exposed applications -state 
